Flow injection analysis (FIA) has proved useful in the clinical laboratories but met difficulties when it was used for end point assay or rate assay as well which require multicomponent analysis.
We have attempted to develop an FIA instrument for the multicomponent analysis of biological fluids using immobilized enzyme columns' where a common reaction product, hydrogen peroxide, for all the target components of glucose, lactic acid, uric acid and urea nitrogen is detected by chemiluminescence. Conventional FIA instruments are not suitable for the purpose cited above because the peristaltic pumps which are typically employed in the conventional instruments are prone to failure. Pumps for high pressure liquid chromatography are applicable, although they are costly and bulky in size. Accordingly, the syringetype pumps which are usually used in reagent dispensers of typical automated clinical analyzers have been adopted in the present experiment. By ganging the reagent pumps together, they are made as to be driven by a single motor and the whole system has been simplified in construction and reduced in the cost and the size parameters.
Since the use of these pumps results in a non-continuous flow, the system is to be termed as the "one-shot FIA".
Construction, operation and applications are reported herein.
Apparatus and Principle of Operation

Apparatus
Instrumental speciations are listed in Table 1 .
Sample dilution and injection
Detection by chemiluminescence involves a small volume of reactants thus requiring dilution of the sample. Since conventional rotary valve injectors were not suitable to sample dilution, a new injection mechanism was developed. Figure 1 illustrates the dilution and injection mechanism. A 10 µl sample is drawn by pipetter from a sample vial on the autosampler tray and is transferred to an empty vial followed by addition of 190 tl of water (1:19, v : v) to effect mixing and dilution. The pipet is rinsed and 4 -30 µl of dilute sample is then drawn (depending upon the tests requested) and subsequently injected into the flow path. Repeatability of injection volume is better than RSD=0.8%.
Flow system
The flow system is shown in Fig. 2 . Syringe barrels A single ("one-shot") analysis cycle is as follows (see Fig. 2 ): Sample is aspirated and diluted (as mentioned above) and dilute sample is injected into the carrier (water) to be transported downstream by the main pump to the selected column. Simultaneously with injection, the appropriate solenoid valves are actuated and reagent pumps are driven. Oxidation of target components in the columns releases hydrogen peroxide which elutes and is mixed with ferricyanide and luminol reagents. The subsequent reaction produces 3aminophthalate in an excited state with the concurrent release of a photon (2=425 nm) in transition to the ground state. Photomultiplier detection of the light generated results in a current output which is converted to voltage by operational amplifier. The signal is then voltage-to-frequency converted and digitized for processing by microcomputer with subsequent printout of analysis results. One analysis cycle consumes 1 ml of distilled water and 0.5 ml of each reagent.
Evaluation and Application
Details of the results of the evaluation of the instrument with respect to the repeatability, the linearity, comparison to the other methods, the influence of interference materials, etc. are as reported in a separate paper4 which demonstrates the practicability of the instrument to the clinical application as well. Shown in Fig. 3 is the linearity of the low concentration glucose detection.
For repeatability , SD=0.3 mg/dl was calculated from z=11.8 mg/dl (n=10).
Determination of the blood glucose is an important diagnostic parameter in the neonatal care. Conventional analyzers are suitable for determination of glucose concentration in adult blood, but do not perform well with the low level concentration in the neonatal blood. The linearity shown in the figure and the repeatability expressed above demonstrate sufficient sensitivity of this instrument to this application.
Thus, the instrument reported here is useful to the clinical application. range.
Linearity of glucose detection in low concentration
